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The ratios of inclusive electron scattering cross sections of 4 He, 12 C, and 56 Fe to 3 He have been 
measured for the first time. It is shown that these ratios are independent of xb at Q 2 >1.4 (GeV/c) 2 
for xb > 1.5 where the inclusive cross section depends primarily on the high-momentum components 
of the nuclear wave function. The observed scaling shows that the momentum distributions at high- 
momenta have the same shape for all nuclei and differ only by a scale factor. The observed onset of 
the scaling at Q 2 >1.4 and xb >1.5 is consistent with the kinematical expectation that two nucleon 
short range correlations (SRC) are dominate the nuclear wave function at p m > 300 MeV/c. The 
values of these ratios in the scaling region can be related to the relative probabilities of SRC in 
nuclei with A>3. Our data demonstrate that for nuclei with A>12 these probabilities are 5-5.5 
times larger than in deuterium, while for 4 He it is larger by a factor of about 3.5. 
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I. INTRODUCTION 

Due to the strong interaction and short distances be- 
tween the nuclcons in nuclei, there is a significant prob- 
ability for nucleon wave functions to overlap, resulting 
in short range nucleon-nucleon correlations (SRC) in nu- 
clei pj. Investigation of SRC is important for at least 
two reasons. First, because of the short range nature 
of these correlations, they should contribute significantly 
to the high-momentum component of the nuclear wave 
function. Second, scattering from nuclcons in SRC will 
provide unique data on the modification of deeply bound 
nucleons, which is extremely important for a complete 
understanding of nucleon structure in general. 

High-energy inclusive electron scattering from nuclei, 
A(e,e'), is one of the simplest ways to investigate SRC. 
In particular, it is probably the best way to measure 
the probabilities of SRC in nuclei. The main problem 
in these studies is selecting the electron-SRC scattering 
events from the orders-of-magnitude larger background 
of inelastic and/or quasi-elastic interaction of electrons 
with the uncorrelated low-momentum nucleons. 

By measuring cross sections at 

contributions from inelastic electron-nucleon scattering 



and meson exchange currents (at high Q 2 ) can be sig- 
nificantly reduced, which corresponds to studying the 
low-energy-loss side of the quasi-elastic peak. In Eq. Q] 
Q 2 is the four-momentum squared of the virtual photon 
(Q 2 = — <7 M <7 M >0), v is the energy transfer, xb is the 
Bjorken scaling variable, and M is the nucleon mass, 

Many previous analyses of data in this kinematic re- 
gion concentrate on using y-scaling to study nucleon mo- 
mentum distributions (see e.g. Refs. Q, 0)- While 
this technique provides some information about the nu- 
clear wave function, it does not measure the probability 
of finding SRC in nuclei. 

Meanwhile, the data at xb >1 can be used to mea- 
sure the probability of finding SRC in nuclei. There are 
theoretical predictions that at momenta higher than the 
Fermi momentum, the nucleon momentum distributions 
in light and heavy nuclei are similar (sec e.g. Ref. Q). 
This implies that they originate predominantly from the 
interaction between two nearby nucleons, i.e. due to 
SRC. If the A(e, e') cross section depends primarily on 
the nuclear wave function and the shape of this wave 
function at high-momentum is really universal, then in 
this high-momentum region the ratio of weighted (e, e') 
cross sections for different nuclei [34| should scale, i.e. 
they should be independent of electron scattering vari- 
ables (Q 2 and %), with the magnitude of the scaling 
factor being proportional to the relative probability of 
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SRC in the two nuclei H0]. 

In Ref . ||| this was checked by analyzing existing SL AC 
(e, e') data for deuterium 0i B 13 an d heavier nuclei 
They found an indication of scaling at Q 2 >1 and 
Xb >l-5. However, since the data for deuterium and the 
heavy nuclei were collected in different experiments at 
similar Q 2 but at different electron scattering angles and 
incident electron energies, to find the ratios at the same 
values of (xb,Q 2 ), a complicated fitting and interpola- 
tion procedure was applied [(| to the data. The main 
problem was that the cross sections varied very strongly 
with angle, incident energy, and Q 2 . To simplify the in- 
terpolation, the electron-deuteron cross section was first 
divided by the theoretical calculation within the impulse 
approximation. Therefore, the data are not purely exper- 
imental, since they include the theoretical calculations, 
and the ratios may have been affected by the fitting and 
interpolation procedures. 

In this work, the yields of the reaction A(e, e') for 3 He, 
4 He, 12 C, and 56 Fe targets are measured in the same 
kinematical conditions, and the ratios A(e, e')/ 3 He(e, e') 
are obtained for 1< x B < 2 and Q 2 >0.65 (GeV/c) 2 . 
Furthermore, using the scaling behavior of these ratios, 
the relative probability of NN SRC for the various nuclei 
have been extracted. 



II. KINEMATICS AND PREDICTIONS 

In order to suppress the background from quasi- 
elastic interactions of electrons with the uncorrelated 
low-momentum nucleons (see Fig.^,), we further restrict 
the kinematic variables ig and Q 2 . 
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FIG. 1: Two mechanisms of A(e,e') scattering, a) single 
nucleon model; b) Short Range Correlation model. 

For quasi-clastic A(e,e') scattering, ig, Q 2 , and the 
minimum A — 1 recoil momentum contributing to the 
reaction are related by energy and momentum conserva- 
tion: 



(q + PA -pa-i) 2 =P 2 f 



'TV' 



(2) 



where q, pa, Pa-1, and Pf are the four-momenta of the 
virtual photon, target nucleus, residual A — 1 system, and 
knocked-out nucleon respectively (note that only q and 



PA are known.) From Eq.(|2J) one obtains: 

/02 
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0, (3) 



where AM 2 = M\ 



i% and p rn = pf - q = 
—pA-i is the recoil momentum involved in the reaction 
(sometimes referred to as the 'missing momentum' in 
(e,e'p) reactions). Eq. (J3J) defines a simple relationship 
between \p m mm \ and xb at fixed Q 2 . This relation for 
deuterium at various values of Q 2 is shown in Fig. 
Fig. 12)3 shows the same relationship for various nuclei at 
Q 2 = 2 (GeV/c) 2 . Note that this relationship is differ- 
ent for the different nuclei, due primarily to differences 
in the mass of the recoil A — 1 system. This minimum 
recoil momentum is one of the possible definitions of the 
scaling variable y. 
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FIG. 2: The minimum recoil momentum as a function of xb- 
a) For deuterium at several Q 2 (in (GeV/c) 2 ); b) For different 
nuclei at Q 2 = 2.0 (GeV/c) 2 . Horizontal lines at 250 MeV/c 
indicate the Fermi momentum typical of the uncorrelated mo- 
tion of nucleons in nuclei. 



One can see from Fig|2]that for any nucleus A and fixed 
Q 2 , we can find the value x° B such that at xb > x° B the 
magnitude of the minimum recoil momentum, |p m mm |, 
contributing to the reaction, exceeds the average Fermi 
momentum in nucleus A. 

It should be pointed out that the initial momentum of 
the struck nucleon pi is equal to p m only in the simplest 
model where the virtual photon is absorbed on one nu- 
cleon and that nucleon leaves the nucleus without further 
interactions (the Plane Wave Impulse Approximation). 
In reality, the (e, e') reaction effectively integrates over 
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many values of p m > p™ m . In addition, this simple re- 
lation between recoil momentum and initial momentum 
is modified by Final State Interactions (FSI) and the ex- 
citation energy of the residual nucleus. These make it 
difficult to determine the nuclear wave function directly 
from (e, e') cross sections. However, for our purposes, 
it is sufficient to know that when the minimum recoil 
momentum contributing to the reaction is much larger 
than the Fermi momentum, the initial momentum of the 
struck nuclcon will also be larger. 

Let us now consider various predictions of the ratios of 
weighted (e,e') cross sections for different nuclei. In the 
mechanism for inclusive (e, e') scattering at xb >1 with 
virtual photon absorption on a single nuclcon and the 
A—l system recoiling intact without FSI (see Fig. ^), 
the minimum recoil momentum for different nuclei at 
fixed Q 2 differs and this difference increases with x b (see 
Fig. [21). Therefore, the cross section ratio between differ- 
ent nuclei will increase with xb and will not scale. 

In the Short Range Correlations model of Frankfurt 
and Strikman Q (see Fig. |TJd) the high -momentum part 
of the nuclear momentum distribution is due to corre- 
lated nuclcon pairs. This means that when the electron 
scatters from a high- momentum nucleon in the nucleus, 
we can consider this scattering as an electron-deuterium 
interaction with the spectator A — 2 system almost at 
rest . Therefore, according to Fig. starting from some 
threshold x B for fixed Q 2 the cross section ratio 

Ra2(Q ,xb) = 77^ \~T~A ' 4 

va 2 {Q [ ,xb)/A 2 

where a a x and <ja 2 are the inclusive electron scattering 
cross sections from nuclei with atomic numbers A\ and 
A 2 respectively, will scale (will be constant). Scaling re- 
sults from the dominance of SRC in the high-momentum 
component of the nuclear wave function, and it should 
be observed, for example, for the cross section ratios of 
heavy nuclei to light nuclei such as 3 He. 

Fig. E|i shows Rf He , for A 1 = 12 C and A 2 = 3 Hc, as 
a function of xb for Q 2 from 1.5 to 2.5 (GeV/c) 2 calcu- 
lated in the SRC model [HI- The ratio for A x = 56 Fe and 
A 2 = 3 He is shown in Fig. The calculations used the 
Faddeev wave function for 3 He calculated using the Bonn 
NN potential [l^. The momentum distributions for 
heavier nuclei have been modeled through a two compo- 
nent of momentum distribution using mean field distribu- 
tions for small nucleon momenta and using the deuteron 
momentum distribution forp >250 MeV/c, scaled by fac- 
tor (12(A), per- nucleon probability of NN SRC in nucleus 
A, estimated from Ref. |(|. The mean field momentum 
distributions used the Harmonic Oscillator wave function 
for 12 C and the quasi-particle Lagrange Method of 0| 
for 56 Fe. For the description of the eA*" interaction, the 
inelastic form factor parameterization of Ref. an( i 
the dipole elastic form-factors have been used. These 
calculations are in reasonable agreement with existing 
A(e, e')X experimental data from SLAC ^5| and from 
Jefferson Lab Hall C PH. 



The ratios in Fig. [3] show a nice plateau starting from 
xb >1.5 for both nuclei and all Q 2 . The experimentally 
obtained ratio in the scaling region can be used to deter- 
mine the relative probability of finding correlated NN 
pairs in different nuclei. However one needs to take into 
account two main factors: first the final state interac- 
tions of a nuclcon with the residual system, and second 
the NN pair center-of-mass motion. 

In the SRC model, FSI do not destroy the scaling be- 
havior of the ratio, R. Indeed, in the light-cone approxi- 
mation of the SRC model, if the invariant mass of the fi- 
nal NN system is sufficiently large, y/{q + mo) 2 — mn > 
50-100 McV, then the scattering amplitude will depend 
mainly on the light-cone fraction of the interacting nu- 
cleon's momentum a = (E—p z )/M, and has only a weak 
de pen dence on the conjugated variables E + p z and pt 
As a result, the closure approximation can be 
applied in the light-cone reference frame, allowing us to 
sum over all final states and use the fact that this sum 
is normalized to unity. After using the closure approx- 
imation the inclusive cross section will depend on the 
light-cone momentum distribution of the nucleon in the 
nucleus, integrated over the transverse momentum of the 
nucleon, pA(ct) 0. Thus, within the light cone descrip- 
tion the Eq.(4) measures the ratio of pa (01) for nuclei 
Ai and A 2 in the high-momentum range of the target 
nucleon. 

In the lab frame description (in the virtual nucleon 
approach), however, the closure approximation cannot 
be applied for large values of interacting nucleon mo- 
menta, and FSI should be calculated explicitly (see e.g. 
Ref. [l2|). Within the SRC model at high recoil mo- 
menta, FSI are dominated by the rescattering of the 
knocked-out nucleon with the correlated nucleon in the 
SRC H E3- Therefore, FSI will be localized in SRC, 
and will cancel in the ratio R. As a result, Eq.(4) at 
xb > x'g could be related to the ratio of high-momrntum 
part of nucleon-momentum distributions in A\ and A 2 
nuclei . 

Having an underlying model of the nuclear spectral 
functions, one can relate the measured ratios in Eq. (4) to 
the SRC properties of the nuclear wave function. Within 
the spectral function model pj, in which correlated nu- 
cleon pair is assumed at rest with the nucleon momen- 
tum distribution in pair identical to that in deuteron, 
the ratio in Eq. (4) could be directly related to the per- 
nucleon SRC probability in nucleus A relative to deu- 
terium, a 2 (A). In models of the nuclear spectral func- 
tion [l9l | in which two-nucleon correlations are moving in 
the mean field of the spectator A — 2 system, the analysis 
of Eq. (4) will yield slightly smaller values for a 2 (A) . Cal- 
culations by Ciofi degli Atti [2(j indicate that this motion 
does not affect the scaling but can decrease the extracted 
a 2 (A) for 56 Fe by up to 20%. However it is important to 
emphasize that since both approximations predict sim- 
ilar (light cone) momentum distributions, both models 
lead to a similar ratio of the light-cone spectral functions 
and the overall probability of high-momentum nucleons 
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remains practically the same. 

One can summarize the predictions of the SRC model 
for the ratios of the inclusive cross sections from different 
nuclei as follows (see Fig. |2Jl : 

• Scaling (xb independence) is expected for Q 2 >1 
(GeV/c) 2 and x B < xb <2 where x B is the thresh- 
old for high recoil momentum. 

• No scaling is expected for Q 2 < 1 (GeV/c) 2 . 

• For xb < x B the ratios should have a minimum at 
xb = 1 and should grow with x b since heavy nuclei 
have a broader momentum distribution than light 
nuclei for p <0.3 GeV/c. 

• The onset of scaling depends on Q 2 ; x° B should de- 
crease with increasing Q 2 . 

• In the scaling regime, the ratios should be indepen- 
dent of Q 2 . 

• In the scaling regime the ratios should depend only 
weakly on A for A > 10. This reflects nuclear sat- 
uration. 

• Ratios in the scaling regime are proportional to the 
ratios of the two-nucleon SRC probabilities in the 
two nuclei. 

3 c 1 



2.5 t 




r I 

0.8 1 1.2 1.4 1.6 1.8 2 

X B 

FIG. 3: SRC Model predictions for the normalized inclusive 
cross section ratio as a function of is for several values of 
Q 2 (in (GeV/c) 2 ). Note the scaling behavior predicted for 
x B >1.4. a) 12 C to 3 He, b) 56 Fe to 3 He. 



Another possible mechanism for inclusive (e, ef) scat- 
tering at xb >1 is virtual photon absorption on a single 
nucleon followed by NN rescattering 0, [2^J . Benhar 



et al. |2l| use the nuclear spectral function in the lab 
system and calculate the FSI using a correlated Glauber 
approximation (CCA), in which the initial momenta of 
the re-scattered nucleons are neglected. In this model 
the cross section at >1 originates mainly from FSI 
and therefore the cross section ratios will not scale. This 
model predicts that these ratios also depend on Q 2 , since 
it includes a noticeable reduction of FSI in order to agree 
with the data at Q 2 >2 (GeV/c) 2 . Benhar et al. at- 
tribute this reduction in FSI to color transparency ef- 
fects |35j . The requirement of large color transparency 
effects also results in a strong A dependence of the ratio 
since the amount of the FSI suppression depends on the 
number of nucleons participating in the rescattering. 

The main predictions of the CGA model for the nuclear 
cross section ratios are as follows: 

• No scaling is predicted for Q 2 >1 (GeV/c) 2 and 
xb <2. 

• The nuclear ratios should vary with Q 2 . 

• The ratios should depend on A. 

• The model is not applicable below Q 2 =l (GeV/c) 2 . 

Thus, measuring the ratios of inclusive (e,e') scatter- 
ing at xb >1 and Q 2 >1 (GeV/c) 2 will yield important 
information about the reaction dynamics. If scaling is 
observed, then the dominance of the SRC in the nuclear 
wave function is manifested and the measured ratios will 
contain information about the probability of two-nucleon 
short range correlations in nuclei. 

ill. EXPERIMENT 

In this paper we present the first experimental studies 
of ratios of normalized, and acceptance- and radiative- 
corrected, inclusive yields of electrons scattered from 
4 Hc, 12 C, 56 Fc, and 3 He measured under identical kinc- 
matical conditions. 

The measurements were performed with the CEBAF 
Large Acceptance Spectrometer (CLAS) in Hall B at the 
Thomas Jefferson National Accelerator Facility. This is 
the first CLAS experiment with nuclear targets. Elec- 
trons with 2.261 and 4.461 GeV energies incident on 3 He, 
4 He, 12 C, and 56 Fe targets have been used. We used he- 
lium liquefied in cylindrical target cells 1 cm in diameter 
and 4 cm long, positioned on the beam approximately in 
the center of CLAS. The solid targets were thin foils of 
12 C (1mm) and 56 Fe (0.15 mm) positioned 1.5 cm down- 
stream of the exit window of the liquid target. Data on 
solid targets have been taken with an empty liquid target 
cell. 

The CLAS detector [24| consists of six sectors, each 
functioning as an independent magnetic spectrometer. 
Six superconducting coils generate a toroidal magnetic 
field primarily in the azimuthal direction. Each sector 
is instrumented with multi-wire drift chambers l25l and 



time-of-flight scintillator counters [26j that cover the an- 
gular range from 8° to 143°, and, in the forward region 
(8° < 8 <45^), with gas-filled threshold Cherenkov coun- 
ters (CC) [221 and lead-scintillator sandwich-type elec- 
tromagnetic calorimeters (EC) [28J. Azimuthal coverage 
for CLAS is limited only by the magnetic coils, and is 
approximately 90% at large polar angles and 50% at for- 
ward angles. The CLAS was triggered on scattered elec- 
trons by a CC-EC coincidence at 2.2 GeV and by the EC 
alone with a « 1 GeV electron threshold at 4.4 GeV. 

For our analysis, electrons are selected in the kincmati- 
cal region Q 2 >0.65 (GeV/c) 2 and xb >1 where the con- 
tribution from the high-momentum components of the 
nuclear wave function should be enhanced. We also rc- 
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FIG. 5: The acceptance correction factors as a function of xb- 
• 3 He, o 12 C. Q 2 are in (GeV/c) 2 . 



FIG. 4: The ratio (Rec) of energy deposited in the CLAS 
electromagnetic calorimeter (EC) to the electron momentum 
p e as a function of p e at beam energy 4.461 GeV. The line at 
Rec ~ 0.25 is located 3 standard deviations below the mean, 
as determined by measurements at several values of p e ■ This 
cut was used to identify electrons. 



quire that the energy transfer, v, should be >300 MeV 
(the characteristic missing energy for SRC is ~ 260 MeV 
PI). In this region one expects that inclusive A(e,e') 
scattering will proceed through the interaction of the in- 
coming electron with a correlated nucleon in a SRC. 



A. Electron Identification 

Electrons were selected in the fiducial region of the 
CLAS sectors. The fiducial region is a region of az- 
imuthal angle, for a given momentum and polar angle, 
where the electron detection efficiency is constant. Then 
a cut on the ratio of the energy deposited in the EC to 
the measured electron momentum p e (Rec) wa s used for 
final selection. In Fig. ^R^c vs. p e for the 56 Fe target 
at 4.4 GeV is shown. The lines shows the applied cut at 
Rec ~ 0.25 which is located 3 standard deviations below 
the mean as determined by measurements at several val- 
ues oi p e - A Monte Carlo simulation showed that these 
cuts reduce the A(e, e') yield by less then 0.5%. 

We estimated the n~ contamination in the electron 
sample for a wide angular range using the photo-electron 
distributions in the CLAS Cherenkov counters. We found 
that for xb >1 this is negligible. 



B. Acceptance Corrections 

We used the Monte Carlo techniques to determine the 
electron acceptance correction factors. Two iterations 
were done to optimize the cross section model for this 
purpose. In the first iteration we generated events using 
the SRC model and determined the CLAS detec- 
tor response using the GEANT-based CLAS simulation 
program, taking into account "bad" or "dead" hardware 
channels in various components of CLAS, as well as re- 
alistic position resolution for the CLAS drift chambers. 
We then used the CLAS data analysis package to recon- 
struct these events using the same electron identification 
criteria that was applied to the real data. The acceptance 
correction factors were found as the ratios of the number 
of reconstructed and simulated events in each kinematic 
bin. Then the acceptance corrections were applied to 
the data event-by-event, i.e. each event was weighted 
by the acceptance factor obtained for the corresponding 
(Axb,AQ 2 ) kinematic bin and the cross sections were 
calculated as a function of xb and Q 2 . For the second 
iteration the obtained cross sections were fitted and the 
fit-functions were used to generate a new set of data, 
and the process was repeated. Fig. |S] shows the electron 
acceptance factors after the second iteration for liquid 
( 3 Hc) and solid ( 12 C) targets. Wc used the difference 
between the iterations as the uncertainty in the accep- 
tance correction factor. Note that the acceptance for the 
carbon target is smaller than for the helium target. This 
is due to the closer location of the solid targets to the 
CLAS coils, which limit azimuthal angular coverage of 
the detectors. 
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FIG. 6: R[ 



the per-nucleon yield ratios for 12 C to 3 He 



a) 
1.35 



FIG. 7: The same as Fig. ©for 4 He. 



o 0.65 <QT < 0.85; □ 0.9 <CT < 1.1; A 1.15 <Q 2 < 
(GeV/c) 2 , all at incident energy 2.261 GeV. 
b) o 1.4 <Q 2 < 1.6 (GeV/c) 2 and at incident energy 2.261 
GeV; □ 1.4 <Q 2 < 2.0 ; A 2.0 <Q 2 < 2.6 (GeV/c) 2 , both at 
incident energy 4.461 GeV. Statistical errors are shown only. 



c. Radiative Corrections 

The cross section ratios were corrected for radiative ef- 
fects. The radiative correction for each target as a func- 
tion of Q 2 and xb was calculated as the ratio 



C ra d{xB, Q 2 ) 



da rad (x B ,Q 2 ) 
da norad (x B ,Q 2 )' 



(5) 



where d<T rad {x B ,Q 2 ) and da norad {x Bl Q 2 ) arc the radia- 
tively corrected and uncorrected theoretical cross sec- 
tions, respectively. The cross sections have been calcu- 
lated using [Tlj . 




iv. RESULTS 



FIG. 8: The same as Fig. ©for 56 Fe. 



We constructed ratios of normalized, acceptance- and 
radiative-corrected inclusive electron yields on nuclei 
4 He, 12 C and 56 Fe divided the yield on 3 He in the range 
of kinematics 1< xb <2. Assuming that electron detec- 
tion efficiency from different targets is the same, these 
ratios, weighted by atomic number, are equivalent to the 
ratios of cross sections in Eq. 0] 

The normalized yields for each xb and Q 2 bin have 
been calculated as: 

dy N e , 1_ 

dQ 2 dx B AQ 2 Ax B N e N T ' Acc U 



where N e and Nt are the number of electrons and target 
nuclei, respectively, Acc is the acceptance correction fac- 
tor, and AQ 2 and Axb are the bin sizes in Q 2 and in xb, 
respectively. Since electron detection efficiency in CLAS 
is expected to be > 96%, we compare obtained yields 
with radiated cross sections calculated by Ref. ^lj code. 
Within systematic uncertainies (see below) the satisfac- 
tory agreement has been found between our results and 
the calculations from Ref. that were tuned on SLAC 
[l5l | and Jefferson Lab Hall C 0] data. 
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The ratios R^ He , also corrected for radiative effects, 



arc defined as: 



3^ 



s-iA 



(7) 



where y is the normalized yield in a given (ig, Q 2 ) bin, 
and Cfi a d is the radiative correction factor from Eq. El 
for each nucleus. 

Fig. shows these ratios for 12 C at several values of 
Q 2 . Figs. □ and El show these ratios for 4 He and 56 Fe, 
respectively. These data have the following important 
characteristics: 



Q 2 


1.55 


1.85 


2.15 


2.45 


SR A 


7.1 


5.8 


4.9 


5.1 


SR He4 


0.7 


0.7 


0.7 


0.7 



TABLE I: Systematic uncertainties SR A and SR He4 for the 



ratio of normalized inclusive yields Rf^ and R3%\ e e respec 
tively, in %. Q 2 in (GeV/c) 2 , and AQ 2 = ±0.15 (GeV/c) 2 . 



Probabilities of Two-Nucleon Short 
Range Correlations in Nuclei 



• There is a clear Q 2 evolution of the shape of ratios: 

- At low Q 2 (Q 2 <1.4 (GeV/c) 2 ), R? He {x B ) in- 
creases with in the entire 1< ig <2 range 
(see Figs. EJi -&)• 

- At high Q 2 (Q 2 >1.4 (GeV/c) 2 ) Ri He (x B ) is 
independent of ig for xb > x B wl.5. (See 
Figs. -EJa.) 

• The value of RA^xb) in the scaling regime is in- 
dependent of Q . 



Our data are clearly consistent with the predictions 
of the NN SRC model. The obtained ratios, Ri He , for 
1.4 <Q 2 < 2.6 (GeV/c) 2 region are shown in Table 11 as 
a function of ig. Fig. El shows these ratios for the 12 C 
and 56 Fe targets together with the SRC calculation re- 
sults using of Rcf. [llj] which used the estimated scaling 
factors, 02(^4), (per-nucleon probabilitiy of NN SRC in 
nucleus A) from Ref. 0. Good agreement between our 
data and calculation is seen. Note that one of the goals 
of the present paper is to determine these factors more 
precisely (see below). 



The value of K^ He (xb) in the scaling regime for 
A > 10 suggests a weak dependence on target mass. 



A. Systematic Errors 

The systematic errors in this measurement are different 
for different targets and include uncertainties in: 



fiducial cut applied: ss 1%; 



radiative correction factors: 



2%; 



• target densities and thicknesses: f» 0.5% and 1.0% 
for solid targets; 0.5% and 3.5% for liquid targets, 
respectively. 

• acceptance correction factors (Q 2 dependent): be- 
tween 2.2 and 4.0% for solid targets and between 
1.8 and 4.3% for liquid targets. 

Some of systematic uncertainties will cancel out in the 
yield ratios. For the 3 He/ 4 He ratio, all uncertainties ex- 
cept those on the beam current and the target density 
divide out, giving a total systematic uncertainty of 0.7%. 
For the solid-target to 3 He ratios, only the electron de- 
tection efficiency cancels. The quadratic sum of the other 
uncertainties is between 5% and 7%, depending on Q 2 . 
The systematic uncertainties on the ratios for all targets 
and Q 2 are presented in Table [I] 




FIG. 9: Rf H£ {x B ) as a function of x B for 1.4<Q 2 <2.6 
(GeV/c) 2 , statistical errors are shown only. Curves are SRC 
model predictions for different Q 2 in the range 1.4 (GeV/c) 2 
(curve 1) to 2.6 (GeV/c) 2 (curve 4), respectively, for a) 12 C, 
b) 56 Fe. 



Experimental data in the scaling region can be used to 
estimate the relative probabilities of NN SRC in nuclei 
compared to 3 He. According to Ref. Q the ratio of these 
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FIG. 10: a) Ri He (o) and r A He (.) versus A. b) a2(A) versus 
A. o - a2(A) is obtaned from Eg. llOU using the experimental 
value of a2(3) Ref. 0; □ - a2(A) is obtaned using the theo- 
retical value of a2(3). For errors shown see caption of Table 
III. A - data from Ref. II. 



probabilities is proportional to: 

(2cr p + a n )a A 



r A 

r3 He 



(Za v + Na n )a 3 He 



(8) 



where a a and a^He are the A(e, e') and 3 He(e, e') in- 
clusive cross sections respectively. a p and a n are the 
electron-proton and electron-neutron elastic scattering 
cross sections respectively. Z and N are the number 
of protons and neutrons in nucleus A. Using Eq. Q 
the ratio of Eq. |JSJ can be related to the experimentally 
measured ratios R^g as 





4 He 


12 c 


56 Fe 


o 95 + o ns 


86 + 004 


77 + 00S 


80 + 004 


i _i_ a 


78 + 004 

\J. 1 O _L_ U.UU4 


72 + 00^ 


72 + 004 


i 15 -i- n fi5 


94 + 006 


96 + 006 


94 + 007 

xj.ij'-t. _l_ U.UUI 


1 25 + fl 05 


1 1Q + 012 


1 %"\ + 012 


1 "\"\ + 015 


1 35 ± 05 


1.41 ± 0.021 


1 77 ± 025 


1 81 ± 030 


1.45 ± 0.05 


1.58 ± 0.033 


2.12 ± 0.044 


2.17 ± 0.055 


1.55 ± 0.05 


1.71 ± 0.049 


2.12 ± 0.059 


2.64 ± 0.087 


1.65 ± 0.05 


1.70 ± 0.063 


2.29 ± 0.085 


2.40 ± 0.109 


1.75 ± 0.05 


1.85 ± 0.089 


2.32 ± 0.110 


2.45 ± 0.139 


1.85 ± 0.05 


1.65 ± 0.100 


2.21 ± 0.128 


2.70 ± 0.190 


1.95 ± 0.05 


1.71 ± 0.124 


2.17 ± 0.157 


2.57 ± 0.227 



TABLE II: The ratios, i?3 He , measured in 1.4<Q 2 <2j 
(GeV/c) 2 interval. Errors are statistical only. 




1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 



Q% (GeV/cr 



FIG. 11: Q 2 
multiplying xf H 



dependences of a 2 (A) parameters obtained by 
(= ) with the theoretical values of 02 (3). 



For errors shown see caption of Table III. A 4 He, 
. 56 Fe. 



'C and 



r A 



tl3 Hc 



(x B ,Q 2 ) x 



A(2cr p 



3(Z(jp + Na n 



(9) 



To obtain the numerical values for t<s h we calculated 
the second factor in Eq. @ using parameterizations for 
the neutron and proton form factors [29I I30I I3TL 13^ . We 
found the average values of these factors to be 1.14±0.02 
for 4 Hc and 12 C, and 1.18 ± 0.02 for 56 Fe. Note that 
these factors vary slowly over our Q 2 range. For T A He 
calculations the experimental data were integrated over 
Q 2 >1.4 (GeV/c) 2 and x B >1.5 for each nucleus. The 
ratio of integrated yields, K a Hc (xb), are presented in the 
first column of Tablc llIII and in Fig.llOfa (rectangles). The 
ratios ?3 He are shown in the second column of Table IIIII 
and by the circles in Fig.llUb. One can see that the ratios 
r A H are 2.5 - 3.0 for 12 C and 56 Fe, and approximately 
1.95 for 4 Hc. 



The per-nucleon SRC probability in nucleus A rela- 
tive to 3 He is proportional to r3 ffe ~ a2(A)/a2(3), where 
a2(A) and a2(3) are the per-nucleon probability of SRC 
relative to deuterium for nucleus A and 3 He. As was 
discussed earlier, the direct relation of t a h to the per- 
nucleon probabilities of SRC has an uncertainty of up 
to 20% due to pair center-of-mass motion. Within this 
uncertainty, we will define the per-nucleon SRC proba- 
bilities of nuclei relative to deuterium as: 



02(A) 



r A 



a 2 (3) 



(10) 



Two values of a 2 (3) have been used to calculate a2(AJ. 
First is the experimentally obtained value from Ref. [||, 
a 2(3)=T.7± 0.3, and the second the value from the cal- 
culation using the wave function for deuterium and 3 Hc, 
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a2(3)=2±0.1. Similar results were obtained in Ref. [33l |. 







r A 


a 2 (A) ej;p 


a, 2 {A) theor 


4 He 


1.72 ± 0.03 


1.96 ± 0.05 


3.39 ± 0.51 


3.93 ± 0.24 


12 C 


2.20 ± 0.04 


2.51 ± 0.06 


4.34 ± 0.66 


5.02 ± 0.31 


56 Fe 


2.54 ± 0.06 


3.00 ± 0.08 


5.21 ± 0.79 


6.01 ± 0.38 



TABLE III: K^ Hi ,(xb) is the ratio of normalized (e, e') yields 
for nucleus A to 3 He. rf He is the relative per-nucleon prob- 
ability of SRC for the two nuclei. Both values are obtained 
from the scaling region (Q 2 >1.4 (GeV/c) 2 and xb >1.5). 
a,2(A) exp and a, 2 (A) theor are the a 2 (A) parameters obtained 
by multiplying rt He (= °'> 3 < ) with the experimental and/or 
theoretical values of a 2 (3). The RJs Hb {xb) ratios include sta- 
tistical errors only. Errors of rf He include also uncertainties in 
the second factor in Eq.©. Errors in a 2 {A) exp and a, 2 (A) theor 
also include uncertainties in the corresponding values of a 2 (3). 
For systematic uncertainties see Table □ There is an overall 
theoretical uncertainty of 20% in converting these ratios into 
SRC probabilities. 



The per-nucleon probability of SRC for nucleus A rel- 
ative to deuterium is shown in the third and fourth 
columns of Tabic IIIII and in Fig. 110b . The uncertain- 
ties in existing a2(3) are included in the errors for a2(A). 
The results from Ref. [|| are shown as well. One can see 
that a2(A) changes significantly from A = 4 to A = 12 
but does not change significantly for A > 12. There are 
approximately 5.5 times as much SRC for A >12 than for 
deuterium, and approximately 3.5 times as much SRC for 
4 He as for deuterium. These results are consistent with 
the analysis of the previous SLAC (e, e') da ta |q . They 
are also consistent with calculations of Ref. [33 ■ 

Fig. ITT1 shows the measured Q 2 dependence of the rel- 
ative SRC probability, a2(A), which appears to be Q 2 
independent for all targets. 

v. SUMMARY 

The A(e,e') inclusive electron scattering cross section 
ratios of 4 He, 12 C, and 56 Fe to 3 He have been measured 
for the first time under identical kinematical conditions. 

It is shown that: 



1 . These ratios are independent of xb (scale) for xb > 
1.5 and Q 2 >1.4 (GeV/c) 2 , i.e. for high recoil 
momentum. The ratios do not scale for Q 2 <1.4 
(GeV/c) 2 . 

2. These ratios in the scaling region are independent 
of Q 2 , and approximately independent of A for A > 
12 

3. These features were predicted by the Short Range 
Correlation model of inclusive A(e, e') scattering 
at large Xb, and consistent with the kinematical 
expectation that two nucleon short range correla- 
tions are dominating in the nuclear wave function 
at p m > 300 MeV/c @. 

4. The observed scaling shows that momentum distri- 
butions at high-momenta have the same shape for 
all nuclei and differ only by a scale factor. 

5. Using the SRC model, the values of the ratios in the 
scaling region were used to derive the relative prob- 
abilities of SRC in nuclei compared to deuterium. 
The per-nucleon probability of Short Range Corre- 
lations in nuclei relative to deuterium is w 3.5 times 
larger for 4 Hc and 5.0 - 5.5 times larger for 12 C and 
56 Fe. 
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